Some patients attending orthodontic departments present with oral habits. There are many reports on the relationship between malocclusion, particularly open bite, and oral habits.
Introduction
Some patients attending orthodontic departments present with oral habits (1), including tongue thrust and mouth More recent studies have incorporated the quantitative analyses of tongue position during speech using formant frequencies (9, 10) . Advantageously, acoustic analysis can be conducted in very little time, placing minimal burden on the patient, and enabling objective, noninvasive evaluation of the physiological functions of the tongue. Ishii et al (11) objectively evaluated tongue position in patients with tongue thrust by focusing on the characteristic /ʃ/ sound using the formant frequencies F1 and F2, enabling limitations to auditory evaluation.
In the present study, we focused on the pronunciation of characteristic consonants in patients with tongue thrust using acoustic features that can be evaluated by listening(i.
e. zero-crossing rates and mel-frequency cepstrum coefficients [MFCCs]) (12) . We evaluated the presence of tongue thrust during speech, both before and upon completion of MFT. We also explored the relationship between therapeutic efficacy and maxillofacial morphology.
Materials and Methods

Subjects
This study received approval from the Ethics Committee of Nihon University, Matsudo Dental School (approval no.:
EC17-16-15-007-2); patients were recruited from the Department of Orthodontics. The participant inclusion criteria were as follows: permanent tooth eruption in the anterior region; no orthodontic appliance (s) fitted in the buccal cavity; no major skeletal disharmony.
Twenty-four patients(female; 9.2±1.7 years)displaying contact between their tongue and anterior teeth upper and lower jaws along with associated tongue thrust(through the gap between the teeth)during swallowing, who were judged by a dentist to require MFT, were enrolled into the tonguehabit group. Seventeen patients(female; 9.71±0.6 years) with no history of MFT, who displayed no tongue thrust during swallowing, were enrolled into the no-tongue-habit (control)group.
Myofunctional therapy
A full course MFT was carried out among the tonguehabit group, in accordance with the MFT workbook (13) .
The times before and after(i.e. upon completion of the full course)MFT were denoted as T1 and T2, respectively. By T2, all subjects showed recovery from tongue thrust during swallowing.
Analysis of tongue thrust
The presence or absence of tongue thrust during swallowing was evaluated with 10 cc of water, sprayed into the patientʼs mouth; all tongue movements were observed
during swallowing with open lips.
The presence of tongue thrust during speech was assessed using a video recording. Those who showed no tongue thrust during speech at T2 were placed in the T2-improvement group, whilst those who showed tongue thrust at T2 were placed in the T2-no-improvement group. pronounced and recorded nine times in each subject (11) .
Speech data were quantized at a sample frequency of 22.05 kHz and precision of 16 bits using an Audio-Technica interface (Edirol UA-25EX; Roland Corporation, Shizuoka, Japan). It was then stored on a personal computer(Vostro;
Dell Japan, Inc., Kanagawa, Japan). The consonantcomponent-test-sound was extracted using voice waveform analysis and editing software(Acoustic Core; Arcadia Inc., Osaka).
Test sound acoustic analysis methods
In accordance with Nakayama et al (12) , test sounds were analyzed for zero-crossing rates and MFCCs. Zero-crossing rates were calculated using voice analysis software (MATLAB R2016b; MathWorks, Inc., Natick, USA);
MFCCs were then extracted. For each test sound, analysis was carried out using frame units, and the mean value for each acoustic feature in the time sequence was obtained. To assess the efficacy of MFT, mean zero-crossing rates and MFCCs (1 to 9) at T1 and T2 time-points were compared within the tongue-habit group, and significant differences were assessed using dependent Paired t-tests.
Moreover, T1 and T2 values obtained in the tongue-habit group were compared with values obtained in the control (no-tongue-habit) group, and significant differences were assessed using independent Studentʼs t-tests.
To assess the characteristic parameters related to tongue thrust during speech, mean zero-crossing rates and MFCCs
(1 to 9)were compared between the T2-improvement, T2-no-improvement, and control groups, and significant differences were assessed with Studentʼs t-tests. Comparison between MFCC-8 values in the control, T2-improve, and T2-no-improve groups using independent Tukey-Kramerʼs HSD. Moreover, mean cephalometric parameters were compared between the T2-improvement and T2-no-improvement groups, and significant differences were assessed with Studentʼs t-tests.
Finally, the mean times required to complete MFT and number of hospital visits were compared between T2-improvement and T2-no-improvement groups, and significant differences were assessed with Studentʼs t-tests.
All statistical analyses were performed using JMP software(SAS, Inc., 2012)and significance was accepted at a hazard rate of 5%(p < 0.05).
Results
Acoustic analysis
Statistical analyses revealed no significant differences in zero-crossing rates or MFCC-1 to 7 and 9 values between T1 and T2; however, MFCC-8 values significantly decreased from -0.15 ± 0.25 to -0.32 ± 0.19 from T1 to T2 (p < 0.01; Table 1 ).
In comparison between T1 and T2, since significant difference was observed in MFCC-8, we focused on MFCC-8 and compared T1 and T2 with the control group. There were no significant differences in MFCC-8 values between T2 and the control group(-0.51±0.14 ; Table 2 ).
There were no significant differences in zero-crossing and MFCC 1 to 8 with T2-improvement and T2-noimprovement at T1. There were no significant differences in zero-crossing rates or MFCC-1 to 7 and 9 values between the T2-improvement and T2-no-improvement groups; however, MFCC-8 values differed significantly between the T2-improvement and T2-no-improvement groups(-0.45 versus -0.11, respectively; p < 0.01; Table 3 )but not the control group (Fig. 2) . (Table 4) .
Time required to complete therapy and number of hospital visits
The time required to complete MFT and number of hospital visits were significantly greater in the T2-noimprovement versus T2-improvement group (Table 5) .
Discussion
This study was use the zero-crossing and MFCC to make a comparison between T1, T2 and control. Zero-crossing rates, used in voice activity detection of speech and non- , and T2-no-improve (from tongue thrust during speech) groups; MFCC: mel-frequency cepstrum coefficients; T2: after myofunctional therapy. Table 3 Zero-crossing rates and MFCC-1 to 9 values in the T2-improve and T2-noimprove (from tongue thrust during speech) groups; MFCC: mel-frequency cepstrum coefficients; T2: after myofunctional therapy.
of the speech articulation filter, MFCCs (which simulate human hearing) are used (18) . MFCCs are parameters obtained from spectrum estimates, via band-filter-bank outputs positioned at equal intervals on the voice waveform and converting the spectrum obtained to cepstrum coefficients. Acoustic-feature vectors at the level of 13 dimensions (focusing on the human voice band)are used for acoustic evaluation. Nakayama et al (12) mention that the MFCC 1 to 9 are effective in tongue thrust discrimination in women.
Application of these voice discrimination methods enables objective, auditory evaluation of speech in patients with tongue thrust. Thus, in the present study, the voices of patients completing MFT were evaluated using zerocrossing rates and MFCCs.
Comparison between T1 and T2 time-points revealed significant differences in MFCC-8 values within the same speaker; thus, it is likely that speech underwent acoustic changes due to recovery from tongue thrust. Additionally, when MFCC-8 values at T2 time-points in the tongue-habit group were compared to the control group, no differences were found, even when normal swallowing was achieved after MFT. This suggests that MFCC-8 values are markers 6 Int J Oral-Med Sci 17(1):1-8, 2018 Table 4 Cephalometric values at initial examination(T1)in the T2-improve and T2-no-improve (from tongue thrust during speech)groups; T2: after myofunctional therapy. Table 5 Treatment durations and number of hospital visits in the T2-improve and T2-noimprove (from tongue thrust during speech) groups; T2: after myofunctional therapy.
of the acoustic properties of patients with tongue thrust when swallowing, and enable identification of tongue thrust in acoustic analysis.
The aim of MFT is to achieve normal swallowing, and improvements in pronunciation have also been found. Comparison between the T2-improvement and T2-noimprovement groups by profile cephalometric analyses revealed that the latter group showed labial inclination of the mandibular anterior teeth, and had shallow overjets in the anterior teeth. These features likely result from changes to the tooth axis of mandibular anterior teeth, due to pressure exerted by tongue thrust during speech.
It is likely that subjects with marked skeletal class-II tendency, not restricted to deterioration of the upper and lower jaws, retain tongue thrust during speech. Lower facial heights in the T2-no-improvement group were greater than in the T2-improvement group. Thus, patients in whom recovery from tongue thrust during speech is not achieved likely exhibit skeletal class-II and high-angle tendencies.
Comparison between the T2-no-improvement and T2-improvement groups revealed that the number of hospital visits increased with the duration of treatment. As MFT is constructed based on 8 steps, it is possible to be completed in 8 hospital visits; however, the mean number of hospital visits were 11.5 and 14.3 in the T2-improvement and T2-noimprovement groups, respectively. In the T2-no-improvement group, more time was needed in the third step, and it is probable that, in subjects who did not show recovery from tongue thrust during speech, time was needed for improved control of the tongue tip and low position of the tongue.
Conclusions
Myofunctional therapy leads to recovery from tongue thrust when swallowing, along with associated changes in pronunciation. The presence or absence of tongue thrust during swallowing or speech may be evaluated using MFCC-8. Subjects who retain tongue thrust when speaking, even after MFT, tend to have certain skeletal characteristics, including a long face and shallow overjet.
